The symmetry energy obtained with the effective Skyrme energy density functional is related to the values of isoscalar effective mass and isovector effective mass, which is also indirectly related to the incompressibility of symmetric nuclear matter. In this work, we analyze the values of symmetry energy and its related nuclear matter parameters in five-dimensional parameter space by describing the heavy ion collision data, such as isospin diffusion data at 35 MeV/u and 50 MeV/u, neutron skin of 208 Pb, and tidal deformability and maximum mass of neutron star. We obtain the parameter sets which can describe the isospin diffusion, neutron skin, tidal deformability and maximum mass of neutron star, and give the incompressibility K0=250.23±20.16 MeV, symmetry energy coefficient S0=31.35±2.08 MeV, the slope of symmetry energy L=59.57±10.06 MeV, isoscalar effective mass m * s /m=0.75±0.05 and quantity related to effective mass splitting fI =0.005±0.170. At two times normal density, the symmetry energy we obtained is in 35-55 MeV. To reduce the large uncertainties of fI , more critical works in heavy ion collisions at different beam energies are needed.
I. INTRODUCTION
The symmetry energy describes the energy related to the excess neutrons or protons in a nuclear system, which tends to reach the isospin symmetry with N = Z and is of fundamental importance in our understanding of nature's asymmetric objects including neutron stars [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] as well as heavy nuclei with very different number of neutrons and protons [16] [17] [18] [19] [20] [21] [22] [23] . However, theoretical studies show that the density dependence of symmetry energy is the most uncertain part in the isospin asymmetric nuclear equation of state (EOS) [22, 24] . There have been lots of effort to constrain the density dependence of symmetry energy by using neutron skin [24] [25] [26] [27] [28] , giant dipole resonance [29] , electric dipole polarizability [30, 31] , mass-radius relation and tidal deformability of neutron stars [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , and heavy ion collisions (HICs) [32] [33] [34] , and consensus on the symmetry energy coefficients S 0 = S(ρ 0 ), and the slope of symmetry energy L = 3ρ 0 ∂S(ρ) ∂ρ | ρ0 have been obtained but with different uncertainties [35] . Here, S(ρ) is the density dependence of the symmetry energy and its Taylor expansion around normal density is
K sym and Q sym are the curvature and skewness parameters of S(ρ). There are also many efforts to con- * zhyx@ciae.ac.cn strain the K sym and Q sym from neutron skin and neutron star [9, 10, 36, 37] . However, Margueron etal.'s calculations show that the simple Taylor expansion of the EOS cannot be used to reproduce the EOS well at the whole density region as well as for the symmetry energy, and they proposed a meta-EOS model to describe it [9, 36, 37] . Another method to well describe the Skyrme EOS and symmetry energy is to use the nuclear matter parameters, such as ρ 0 , E 0 , K 0 , S 0 , L, m * s , m * v , with two additional coefficients g sur and g sur,iso [38] [39] [40] . Here, ρ 0 is the normal density, K 0 = 9ρ 0 ∂ 2 /ρ ∂ρ 2 | ρ0 is the incompressibility of symmetric nuclear matter, m * s /m = (1 + 2m 2 ∂ ∂τ E A )| ρ0 is the isoscalar effective mass, m * v = 1 1+κ is the isovector effective mass where κ is the enhancement of a factor of the Thomas-Reich-Kuhn sum rule. g sur , g sur,iso are the coefficients related to density gradient terms. A lot of theoretical works have evidenced that all of them are related to the symmetry energy. For example, in the Skyrme-Hartree-Fock approaches, the density dependence of symmetry energy is written as,
where u is the reduced density, i.e., ρ/ρ 0 . In the righthand side of Eq. (2), the first term comes from the kinetic energy contribution, the second and third terms are from the two-body and effective three-body interactions, the fourth term is from the momentum dependent interaction and is related to m * s and m * v . A recent theoretical study by Mondal and Agrawal etal . also provide evidence that the S(ρ) depends on the effective mass [42] . Thus, one can expect that the constraint of S(ρ) with less biased uncertainty should depend on the values of ρ 0 , E 0 , K 0 , S 0 , L, m * s , m * v rather than only on the uncertainties of S 0 and L.
In this work, we adopt the five nuclear matter parameters K 0 , S 0 , L, m * s , f I as inputs at given the values of ρ 0 , E 0 , g sur , and g sur,iso , because the nuclear matter parameters, such as K 0 , S 0 , L, m * s , m * v , still have certain uncertainties [41] . In the transport model calculations, we replace m * v by f I , which is defined as
, since the f I can be analytically incorporated into the transport model and its sign reflects the m * n > m * p or m * n < m * p . We finally give the range of nuclear matter parameters K 0 , S 0 , L, m * s , f I , which are estimated based on the description of isospin diffusion data, the neutron skin of 208 Pb, and tidal deformability and maximum mass of the neutron star.
II. THEORETICAL MODELS

A. ImQMD model
The transport model used in this work is the ImQMD-Sky [40, 43] . In the model, the nucleonic potential energy density without the spin-orbit term is u loc + u md , and
and Skyrme-type momentum dependent energy density functional u md is written based on its interaction form δ(r 1 − r 2 )(p 1 − p 2 ) 2 [40, 44, 45] as,
The connection between nine parameters α, β, η, A sym , B sym , C 0 , D 0 , g sur , g sur,iso used in ImQMD-Sky and the nine nuclear matter parameters, ρ 0 , E 0 , K 0 , S 0 , L, m * s , m * v , g sur , g sur,iso , are given by the following analytical relationship,
, and η = σ + 1. A similar relation has been discussed in Refs. [38, 39] . The approach used in this work is that we set the nine nuclear matter parameters ρ 0 , E 0 , K 0 , S 0 , L, m * s , m * v , g sur , g sur,iso as the input of the ImQMD-Sky code. The coefficients of the density gradient terms are set as g sur = 24.5 MeVfm 2 and g sur;iso = −4.99 MeVfm 2 , and varying of g sur and g sur,iso in a reasonable region for different Skyrme interactions has negligible effects on the calculated experimental observables in intermediate energy heavy ion collisions. The nucleon-nucleon collision and Pauli-blocking part used in this work are treated as the same as those in Refs. [46] [47] [48] , and we do not vary its strength or form in this study since previous calculations have shown it does not strongly influence the isospin sensitive observables we studied [49] .
B. Density variational method
The approach we used to calculate the neutron skin is the restricted density variational method (RDV), which is the same as in Ref. [50] , where the semiclassical expressions of the Skyrme energy density functional are applied to study the ground state energies, the neutron proton density distributions, and the neutron skin thickness of a series of nuclei. The binding energy of a nucleus is expressed as the integral of energy density functional, i.e.,
[τ n (r)+τ p (r)]+H sky +H coul dr. (6) The H sky is nucleonic density functional, which has the same form as we used in the ImQMD model, but with the spin-orbit interaction form and W 0 =130 MeVfm 5 . The kinetic energy density in the RDV method is given by
where the extended Thomas-Fermi (ETF) approach including all terms up to second order (ETF2) and fourth order (ETF4) as in Ref. [51] . ρ i denotes the proton and neutron density of nucleus, and ρ = ρ n + ρ p . W 0 is the strength of the spin-orbit interaction; the parameter f i (r) is the same as in Ref. [50] . The Coulomb energy density is written as the sum of the direct and exchange terms.
In the calculations, we take the density distribution as a spherical symmetric Fermi function:
Here, R 0p , a p , R 0n , and a n are the radius and diffuseness of proton and neutron density distributions. By minimizing the total energy of the system given by Eq. (6), the neutron and proton densities can be obtained and thus the neutron skin. The values of the neutron skin of 208 Pb we obtained are consistent with the results obtained with Skyrme Hartree-Fock calculations [50, 52] after considering the fourth order in extended Thomas-Fermi approach.
C. Tolman-Oppenheimer-Volkov equation
The structure of neutron stars is obtained by solving the Tolman-Oppenheimer-Volkov equation [53] dP dr = − GM r 2
while the tidal deformability [54] [55] [56] is estimated with
Here, the gravity constant is taken as G = 6.707 × 10 −45 MeV −2 , r is the distance from the core of the star, = (r) is the energy density or mass density, P = P (r) is the pressure, and M = M (r) is the mass within the radius r. k 2 is the second Love number and is obtained from the response of the induced quadrupole moment Q ij in a static external quadrupolar tidal field E ij with
Based on the Skyrme parameters listed in Table II , the energy density of nuclear matter is obtained with
n ] with y = ρ p /ρ being the proton fraction. Meanwhile, the energy density of electrons and muons are given by
Here, x e,µ ≡ ν e,µ /m e,µ with ν e,µ being the Fermi momentum of leptons, which predicts their number densities ρ e,µ = ν 3 e,µ /3π 2 . The total energy density of neutron star matter is obtained with = NM + e + µ . Then the pressure is determined by P = i µ i ρ i − with the chemical potential µ i = ∂ ∂ρi . The equation of state (EoS) of neutron star matter in the density range 0.5ρ 0 < ρ < 3ρ 0 is obtained by simultaneously fulfilling the β-stability condition µ n − µ p = µ e = µ µ and local charge neutrality condition ρ e + ρ µ = ρ p .
At subsaturation densities, the pasta phases of nuclear matter emerge, we thus adopt the EoSs presented in Refs. [57] [58] [59] at ρ < 0.08 fm −3 . For the density region above 3ρ 0 , we adopt a polytropic EoS [11, 60, 61] , where the pressure is given by P = κρ γ . At given γ, the parameter κ and energy density is fixed according to the continuity condition of pressure and baryon chemical potential at ρ = 3ρ 0 . In this work, we adopt a maximum value with γ = 2.9 so that the velocity of sound does not exceed the speed of light. Furthermore, the correlations between the nuclear matter parameters are also very important for getting insight into the effective interaction. For example, as shown in Eq. (2), S(ρ) comes from the two-and threebody interactions as well as the momentum dependent interaction which is related to m * s and m * v . It means the coefficients of S 0 and L should be related to the values of m * s and m * v . The m * s /m is also related to the K 0 based on the formula of Skyrme Hartree-Fock (SHF) as pointed out in Ref. [63] ,
with
If the E 0 and ρ 0 are well known, the K 0 depends on the m * s and σ. Focusing on the correlation between m * s and K 0 , one can say K 0 is independent of m * s if σ = 2/3, but K 0 linearly depends on the inverse of m * s if σ = 2 3 . Quantitatively, we can use the correlation coefficient to understand the correlation among the nuclear matter parameters from the sample of compiled Skyrme parameter sets. We calculate the correlation factor,
where X and Y are two variables we analyzed, and < X > and < Y > are the average values in the selected sample. The values of r XY close to ±1 mean a positive (negative) linear correlation between X and Y , and r XY close to zero signifies an essential lack of correlations. By using the Skyrme parameter sets published after the year 2000 [64] , we obtain the correlation factor as follows: r XY = 0.84 between S 0 and L, r XY = −0.35 between L and m * s , and r XY = −0.34 between m * s and f I . The strongest correlation we obtained from the sample of Skyrme parameter sets is between S 0 and L.
By analyzing the slope of L vs S 0 , one can learn the values of the sensitive density ρ s which is related to the fitting data that we used to construct the effective Skyrme force [65] . The high order terms in Eq. (1) could weaken this correlation. Figure 2 shows the positive correlation between L and S 0 in the range of S 0 = [20, 40] MeV and L = [−100, 200] MeV obtained from the compilation of Skyrme parameter sets [41] . It means the Skyrme parameter sets we used mainly reflect the symmetry energy at subsaturation density. However, one can find that the points spread in a region and they did not fall on the same line. One of the reasons is that the effective Skyrme parameter sets were constructed for best fitting the different observables or nuclei and they may reflect the symmetry energy at different density. For deeply understanding the correlation and narrow the region of S 0 and L, it is better that one constrains it from many sides, such as from heavy ion collisions, neutron skin, and neutron star, simultaneously. [41] and Ref. [36] . Only the results in the region of S0= [20, 40] MeV and L=[-100,200]MeV are presented. The black points are the results obtained in [36] .
B. Isospin diffusion
The isospin diffusion reflects the changes of isospin asymmetry of the projectile/target-like residue immediately after the peripheral collision and prior to secondary decay for asymmetric reaction system, such as 124 Sn+ 112 Sn. It can be measured by the isospin transport ratios R i in the projectile rapidity region which is defined as In transport model simulations, the isospin asymmetry of the "emitting source" [17, 32, 33, 49] , X = δ, is adopted to analyze the isospin diffusion rather than directly use the isoscaling parameter X = α [17] or X = ln(Y ( 7 Li)/Y ( 7 Be)) [18, 19] . The reasons are that: 1) the isospin diffusion reflects the change of isospin asymmetry of the projectile-like residue immediately after the collision and prior to secondary decay, and thus we need the isospin asymmetry of the emitting source at that time; and 2) the definition of 'emitting source' should be coalescence invariant, i.e., it can contain all the emitted nucleons or fragments in the late stage, to overcome the deficient of the cluster formation mechanism in the transport model. Based on this concept, the 'emitting source' is constructed from the emitted nucleons and fragments with a velocity greater than half of the beam velocity,
, i=fragments, nucleons [32, 33, 40, 43] , as the same condition as in experiments. As an example, we illustrate the definition of the 'emitting source' we used in the left panel of Fig. 3 . The four lines with different colors refer to the four different reaction systems. It is clear that the isospin asymmetry of the emitting source reaches saturation values after about 200 fm/c, which corresponds to the change of isospin asymmetry of the projectile-like residue immediately after the collision and prior to secondary decay. But, if the 'emitting source' is constructed from the fragments with Z ≥ 2, the isospin asymmetry decreases with time due to the nucleons emission and the deficiency of cluster formation and emission of neutrons in transport models. The most important point is that it does not exactly reflect the isospin diffusion as we discussed. The values of the isospin transport ratio at projectile region reflect the isospin diffusion which depends on the stiffness of symmetry energy and the strength of the effective mass [33, 40] . In this work, we investigate the isospin diffusion in five-dimensional (5D) parameter space, such as K 0 , S 0 , L, m * s , f I . We sampled 120 points in 5D pa-rameter space in the range which we listed in Table I under the condition that η ≥ 1.1. η ≥ 1.1 is used for guaranteeing the reasonable three-body force in the transport model calculations. The ranges of these nuclear matter parameters are chosen based on the prior information of Skyrme parameters as shown in Fig. 1 . As an example, the 120 sampled points are presented as open and solid circles in two-dimensional projection in Fig. 4 . The points of parameter sets uniformly distribute in twodimensional projection except for the plots of K 0 and m * s /m due to the restriction of η ≥ 1.1. We perform the calculations for isospin transport diffusion at 35 MeV/u and 50 MeV/u at b=5-8 fm with the impact parameter smearing [66] for 112,124 Sn+ 112,124 Sn. 10,000 events are calculated for each point in the parameter space and simulations are stopped at 400fm/c. The calculations are performed on TianHe-1 (A), the National Supercomputer Center in Tianjin. In Fig. 5 , the lines represent the calculated results of the isospin transport ratio R i with 120 parameter sets. Two stars are the experimental data [17] [18] [19] which is constructed from the isoscaling parameter X = α iso at 50 MeV/u [17] and the ratio of X = ln(Y ( 7 Li)/Y ( 7 Be)) [18, 19] at the beam energy of 35 MeV/u, which was assumed and evidenced to linearly related to the isospin asym-metry of emitting source [18] . And thus, one can compare the R i (δ) to R i (α) or R i (ln(Y ( 7 Li)/Y ( 7 Be)). As shown in Fig. 5 , the calculated results show a large spread around the experimental data. By comparing the calculations to the data, we find 22 parameter sets that can reproduce the isospin diffusion data within experimental errors. We highlight those points that can reproduce the experimental data within experimental errors with blue colors in Fig. 4 . Generally, one can observe L increases with S 0 . The constrained points distribute in the bottom-right corner in the S 0 -L plot [panel (c)], and the large L with small S 0 are ruled out. [18, 19] , lines are the calculated isospin transport ratios with 120 parameter sets.
The results in panel (j) of Fig. 4 show that isospin diffusion data is not sensitive to the effective mass and its splitting. In Fig. 6 , we plot R i as a function of S 0 , L, m * s /m, and f I , and no obvious correlations between R i and S 0 , L, m * s /m, and f I can be found. It is because the R i is not only correlated to L but also correlated to m * s /m [40] , which broke the R i dependence of L when we randomly chose the values of K 0 , S 0 , L, m * s /m, and f I . If we fix the values of K 0 , S 0 , m * s /m, and f I , the positive correlation between R i and L can be found. 
C. Neutron skin and properties of neutron star
Before calculating the neutron skin of 208 Pb, i.e., ∆r np , with the RDV method, we first construct the effective standard Skyrme parameter sets, t 0 , t 1 , t 2 , t 3 , x 0 , x 1 , x 2 , x 3 , σ from the obtained nuclear matter parameters based on the Eq. (6) and relations in Refs. [43, 47] . In Table II , we present the extracted 22 standard Skryme parameter sets. The average values of nuclear matter parameters and its standard deviation from 22 sets are, K 0 =250.54±22.87 MeV, S 0 =30.62±2.39 MeV, L=62.31±21.01 MeV, m * s /m=0.83±0.11, and f I =-0.072±0.22, which are consistent with previous constraints [22, 36, 41, 42] . Specially, the values of f I =-0.072±0.22 mean m * n > m * p , it is consistent with the results from abinitio calculations [68] [69] [70] [71] [72] and the analysis from the optical model analysis of nucleon-nucleus scattering [73, 74] . It seems contradictary with our analysis from the neutron to proton yield ratios [67] . But one should notice that both of our results on the effective mass splitting based on the heavy ion collision data have large uncertainties, the results suggest that we need a more critical examination in the future with new heavy ion collision observables.
In the calculations of neutron skin with the RDV method, W 0 = 130 MeVfm 5 is used. Figure 7 presents the ∆r np as a function of S 0 , L, m * s /m, and f I . The correlations between ∆r np and m * s /m (f I ) are very weak. The obvious correlation is between ∆r np and L, which exists even we vary other nuclear matter parameters, such as K 0 , S 0 , m * s /m, and f I . It is consistent with the results in Refs. [26, 27, 30, 42] . In Fig. 8 , the lines represent the neutron skin of 208 Pb obtained by using 22 parameter sets. The stars are the neutron skin values extracted from the different groups [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] . Within the large errors from PREX [81] , all of our calculations fall into the data uncertainties. The 22 parameter sets also can give the prediction of neutron skin. We calculate the averaged values of the neutron skin of 208 Pb and its value is ∆r np = 0.179 ± 0.040 fm, and it is consistent with the neutron skin values extracted from the experiments in Refs. [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] . On another side, the strong and robust correlation between ∆r np and L as shown in Fig. 7 , also suggest to us a precise measurement of neutron skin values could help us tightly constrain the symmetry energy at subsaturation density.
The structure of neutron stars is then obtained by solving the Tolman-Oppenheimer-Volkov equation, while the tidal deformability is estimated with Λ = 2k2 3 R GM 5 [54] [55] [56] . Since the chirp mass for the binary neutron star merger event GW170817 is accurately measured with M = (m 1 m 2 ) 3/5 (m 1 + m 2 ) −1/5 = 1.186 ± 0.001 M [6] , by assuming the mass ratio m 2 /m 1 = 1, one obtains the dimensionless combined tidal deformabilityΛ = Λ 1 = Λ 2 ≈ Λ 1.362 . The very recent constraint onΛ is 302 ≤Λ ≤ 720 [2, 6, [86] [87] [88] [89] , where an insignificant deviation from Λ 1.362 is expected forΛ. In Fig. 9 , we present the obtained dimensionless tidal deformability at M = 1.362 M as a function of S 0 , L, m * s and f I . The shadow region is the constrainedΛ values obtained in [2, 6, [86] [87] [88] [89] . Our results show theΛ is correlated with L, but weakly correlated to other nuclear matter parameters, such as S 0 , L, m * s and f I . As shown in Fig. 10 , the values ofΛ can be well reproduced byΛ ≈ 5.1 × 10 −5 R 6. 38 1.4 with R 1.4 (in km) being the radius of a 1.4 solar mass neutron star. Within the constrained range ofΛ, we have 11.5 ≤ R 1.4 ≤ 13.2 km, which is in consistent with the recent radius measurements of PSR J0030+0451 [90, 91] . A linear correlation between the maximum mass of neutron stars 
Based on the observational mass of PSR J0740+6620 (2.14 +0.09 −0.10 M ) [92] , a larger lower limit is then obtained withΛ 370, which is even larger than the center value reported in Ref. [6] . By calculating theΛ and M max , we finally find the parameter sets, Nos. 2, 4, 5, 6, 7, 8, 9, 10, 13, 14, 15, 16, in Table II , can satisfy the constraints of the neutron star. 
D. Symmetry energy and its related parameters
Based on the extracted 22 Skyrme parameter sets, we can also obtain the corresponding symmetry energy according to Eq. (2). In the left panel of Fig. 11 , we present the obtained density dependence of the symmetry energy. The shadowed region with blue color represents for the S(ρ) constrained from the two isospin diffusion data, i.e., R i at 35 MeV/u and 50 MeV/u, within 1σ. The region within the blue dashed lines is the constrained S(ρ) within 2σ uncertainties. The shadow region with cyan color is the constraint of the symmetry energy obtained in 2009 by analyzing the data of the isospin diffusion, isospin transport ratio, and double neutron to proton yield ratio at 50 MeV/u with ImQMD codes [32] , where the corresponding density dependence of the symmetry energy is
Compared to the constraints of S(ρ) by 2009 HIC data, the new analysis improves the constraints at the density below ∼ 0.13f m −3 because we include isospin diffusion data at 35 MeV/u in this analysis. The uncertainties of the constraints of symmetry energy around normal density become larger than those in 2009, because the current analysis includes the uncertainties of K 0 , m * s , and f I . The symmetry energy obtained from the electric dipole polarizability in 208 Pb [30, 31] (red circle, up triangle), properties of doubly magic nuclei and masses of neutron-rich nuclei [93] (black square) and Fermi-energy difference in finite nuclei [94] (purple down triangle) are also presented in the left panel of Fig. 11 . The symmetry energy obtained in this work is also consistent with them [30, 31, 84, 93, 94] within 2σ uncertainties. The curved line in the right panel is the boundary of S0 and L obtained based on the unitary gas, and the pink region is allowed [95] .
The consistence of the symmetry energy obtained from isospin diffusion data and the symmetry energy constraints from other nuclear structure studies [30, 31, 93, 94] is because both of the isospin diffusion and nuclear structure studies reflect the information of symmetry energy at subsaturation density. It can be simply understood from the right panel of Fig. 11 by using the approach of sensitive density proposed by Lynch and Tsang [65] . The blue circle points in the right panel are the constraint by the isospin diffusion data at 35 and 50 MeV/u in this work. One can see there is a trend that L increases with S 0 , and the correlation between S 0 and L is consistent with our previous work [67] . By best linear fitting these points, the values of ∂S0 ∂L can be obtained, and we get ∂S0 ∂L = 0.061 with standard error 0.022. Thus, the corresponding sensitive density is ρ s /ρ 0 = 0.685 − 0.946 with 2σ of the ∂S0 ∂L . The range of sensitive density is consistent with the dynamical prescription of the isospin diffusion process in peripheral heavy ion collisions, where the density in the neck region evolves from normal density to subnormal density until the neck breaks. This is also close to the corresponding average density region in the nuclear skin studies [93, 96] .
The shaded cyan region in the right panel of Fig. 11 is the constrained L and S 0 given by Tsang etal. in Ref. [32] , and the gray hexagon symbols are the parameters from the compilation of Dutra [41] . We also present a boundary of symmetry energy parameters (thick curve) obtained in the unitary gas, and the pink region is the unitary gas is lower in energy than pure neutron matter [95] . Under the constraints of this limit and previous constraints on M max andΛ, there are eight parameter sets that can describe the measured isospin diffusion, neutron skin, M max , andΛ, which are Nos. 4, 5, 7, 10, 13, 14, 15, 16 in Table II. The average values of nuclear matter parameters and its standard deviations obtained with the eight parameter sets are, K 0 =250.23±20. 16 MeV, S 0 =31.35±2.08 MeV, L=59.57±10.06 MeV, m * s /m=0.75±0.05, and f I =0.005±0.170, which are consistent with our current knowledge of these parameters. One should notice the f I still have large uncertainties, and thus, the accurate knowledge of the sign and its magnitude of effective mass splitting still need to find more sensitive observables.
IV. SUMMARY AND OUTLOOK
In summary, we study the symmetry energy and its related nuclear matter parameters by comparing the isospin diffusion data at 35 and 50 MeV/u to transport model calculations in five dimensional parameter space. We find the 22 parameter sets can well reproduce the data within the uncertainties of data. Our calculations show the positive correlation between S 0 and L under the constraints from isospin diffusion data, and the L values obtained from 22 parameter sets distribute from 30 to about 100 MeV. By using the 22 parameter sets, we calculate the neutron skin of 208 Pb with the RDV method and obtain ∆r np = 0.179 ± 0.040fm which is in the range of measured neutron skin. The strong and robust correlation between ∆r np and L is confirmed again, and it implies that a high precision data of neutron skin is needed and it will be very helpful for us to constrain the slope of symmetry energy.
Furthermore, the properties of neutron stars, such as the tidal deformability and maximum mass are also calculated and compared with the current constraints on 302 ≤Λ ≤ 720 and M max > 2.14 +0.09 −0.10 M , we find there are only eight parameter sets can favor all the data of isospin diffusion, neutron skin,Λ, and M max . The corresponding symmetry energy at 2ρ 0 is S(2ρ 0 )=35-55 MeV which is consistent with the results in Refs. [8, 10, 14] . The average values of nuclear matter parameters and their standard deviations are calculated based on the 8 parameter sets, and we obtain K 0 =250.23±20. 16 MeV, S 0 =31.35±2.08 MeV, L=59.57±10.06 MeV, m * s /m=0.75±0.05 and f I =0.005±0.170. The estimated value of f I in this work is close to zero, which means the m * n = m * p , but we can not rule out f I > 0 or f I < 0 (i.e. m * n < m * p or m * n > m * p ) since the error of f I is huge. Thus, tightly constraining the isospin asymmetric nuclear equation of state and effective mass splitting may need more critical works in heavy ion collisions at different beam energies, and the measurement of neutron skin of nuclei, and mass-radius relations of neutron stars in future.
